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) (8) . There are about 4,900 residents in Wolong, most of whom are farmers (17). We chose Wolong as our study area for several reasons. First, situated within one of the top 25 global biodiversity hotspots and being part of the UNESCO World Heritage system, Wolong has special ecological importance. It provides a major sanctuary to 10% of the world's wild giant panda population (total=1,864) and more than 6,000 species of other animals and plants, some of which are also endangered (e.g., red panda and golden monkey) (16). Second, long-term socioeconomic data from household surveys have been collected in Wolong almost yearly since 1998 by our research team, together with a variety of biophysical data (8, 37). The rich datasets and indigenous knowledge lay a good foundation for systematic research design and statistical inference regarding the effects of PES programs on socioeconomic outcomes.
Finally, Wolong has been experiencing significant socioeconomic changes since the implementation of PES programs at the early 2000s. Before 2000, Wolong was a remote area with limited connection to the outside (8). The poverty rate in Wolong at that time was as high as 35% (17, 37) . The vast majority of local residents were primarily involved in subsistence-based agricultural activities such as growing potatoes and corn. As population size and the number of households rapidly increased, human activities (e.g., farmland expansion, fuelwood collection, and timber harvesting) caused serious degradation of wildlife habitat (8, 38) . Although the reserve administration had implemented several policies before 2000, such as a logging ban and limiting the sites for fuelwood collection, they were not effective mainly due to the lack of alternative income sources and incentives for eco-friendly behaviors (8). As part of the effort to address this critical issue, two PES programs [i.e., the Grain-to-Green Program (GTGP) and the 
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section S2. Model validation analysis
We used a set of model validation indices to evaluate how well the empirical data support the hypothesized pathways in our demonstration study. All these validation indices (table S3) 
